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I.  INTRODUCTION 


Many  fuel  and  water  resisting  protective  coatings  have  been  developed 
to  maintain  internal  corrosion  control  of  cargo  tanks  of  barges,  railway 
tank  cars,  tankers,  trucks,  surface  and  subsurface  tanks,  and  tankers 
used  for  the  bulk  transportation  and  storage  of  a  wide  variety  of  military 
petroleum  fuels.  A  number  of  different  types  of  coatings  have  proved 
satisfactory  for  this  service,  and  other  coatings  continue  to  evolve 
from  research  and  development  of  new  polymeric  materials.  A  suitable 
fuel  container  coating  must  adequately  protect  tanks  from  corrosion, 
must  not  react  with  or  contaminate  the  fuel,  and  must  not  be  degraded  by 
the  environment. 

Current  military  specifications  prescribe  requirements  for  the  per¬ 
formance  characteristics  of  coatings  intended  for  lining  the  interior 
surfaces  of  fuel  storage  tanks.  One  of  the  tests  used  to  determine 
the  compatibility  of  protective  coatings  with  hydrocarbon  fuel  is  the 
ethylene  dibromide  depletion  test.  Ethylene  dibromide  is  well  known  as 
an  effective  scavenger  of  lead  deposits  and  at  the  present  time,  3  " 
gms/gal Ion  are  blended  with  aviation  gasoline  to  offset  the  undesirable 
effects  of  antiknock  organolead  additives  found  in  aviation  gasoline. 

The  test  is  conducted  to  determine  if  any  reaction  occurs  between  a  coat¬ 
ing  material  and  ethylene  dibromide  in  gasoline  when  they  have  had  inti¬ 
mate  contact  over  an  extended  period  of  time. 

The  bromine  depletion  test  described  in  MlL-STD-1262  (Military 
Standard  Degradation  Tests  for  Fuels  and  Fuel  Container  Coatings)  con¬ 
sists  of  exposing  a  coated  test  panel  to  aviation  gasoline  for  35  days 
and  testing  the  exposed  gasoline  and  control  gasoline  for  bromine  con¬ 
tent.  A  sample  of  gasoline  is  added  to  sodium  metal  under  cryogenic  con¬ 
ditions  followed  by  various  treatments  that  are  necessary  for  the  decom¬ 
position  of  excess  sodium  and  the  elimination  of  interference  from  addi¬ 
tives  and  impurities  in  the  gasoline.  Final  measurement  is  accomplished 
by  the  potent iometric  titration  of  bromides  with  silver  nitrate  solution. 
The  procedure  must  be  carefully  monitored  and  extreme  caution  must  be 
exercised  to  reduce  the  hazard  of  fire. 

The  procedure  developed  in  this  laboratory  is  based  on  the  reaction 
described  in  Fieser  and  Fieser  (1)  for  the  formation  of  vinyl  bromide. 

n  m  .ii  n  a  1  coh  1  ic  KOH  . . . 

BrCH2CH2Br  -  -  -  -  - >  CH2  *  CHBr 

Balancing  the  reaction  gives, 

BrCH2CH23r  +  KOH  - *  CH2  =  CHBr  +  KBr  +  H20 

Since  potassium  bromide,  one  of  the  products,  is  easily  determined  by 
reaction  with  silver  nitrate,  conditions  were  established  which  favored 
the  quantitative  formation  of  potassium  bromide.  The  proposed  procedure 
is  relatively  easy  to  conduct  and  gives  exceptionally  good  reproducibility. 
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A  gasoline  sample  is  refluxed  with  alcoholic  KOH  and  potassium 
bromide  is  precipitated  quantitatively  from  solution.  The  precipitate 
is  washed  free  of  gasoline,  dissolved  in  water,  and  precipitated  as  the 
silver  salt  from  an  acid  solution.  The  amount  of  ethylene  bromide  in  the 
original  sample  ««=  calculated  from  the  weight  of  silver  bromide. 

II.  DETAILS  OF  TEST 


Reagents : 

1.  Alcoholic  KOH,  »N. 

Dissolve  65  grams  of  potassium  hydroxide  in  1  liter  of  absolute 
ethanol.  filter  immediately  before  using. 


2.  Silver  nitrate  solution,  5%. 

Dissolve  50  grams  of  reagent  grade  silver  nitrate  in 
disti 1  led  water. 


1 i ter  of 


Procedure: 

Pipette  100  ml.  samples  of  exposed  and  unexposed  aviation  gasoline 
!<  i.o  separate  250  ml.  flasks  with  ground  glass  joints.  Treat  both  samples 
>t*  tie  following  manner.  Add  25  ml.  of  alcoholic  KOH,  attach  an  air  con¬ 
denser,  and  refUrx  for  2  hours  in  a  65  -  70°C.  water  bath  (NOTE  1).  Cool 
s.ivle  f.r-  room  >&>*•, perature  jmd  filter  through  a  dry  Gooch  crucible  con- 
t-‘-'ning  a  mar  of  asbestos,  washing  with  benzene.  Dry  the  flask  and 
crucible  at  !"0VC.  Cool  to  room  temperature  and  wash  the  contents  of  the 
flask  througn  the  crucible  into  a  clean  500  ml.  suction  flask  with  about 
100  ml.  of  distilled  water.  Quantitatively  transfer  the  filtrate  to  a 
400  ml.  beaker,  add  5  ml .  of  7-5  N  nitric  acid,  and  dilute  to  250  ml.  with 
distilled  water.  While  stirring,  slowly  add  10  ml.  of  5%  silver  nitrate 
solution.  Heat  the  solution  to  80  -  90°C.  and  then  cool  to  room  tempera¬ 
ture.  Filter  the  sample  through  a  tared  Gooch  crucible  containing  a  mat 
of  asbestos;  quantitatively  wash  and  transfer  precipitate  with  5%  nitric 
acid;  and  finally  wash  until  acid  free  with  distilled  water.  Dry  the 
crucible  for  l  hour  at  125  ~  135°C.,  cool  in  dessicator,  and  weigh. 

Calculation: 

wt.  of  Br  in  100  ml.  gasoline  =  wt.  of  AgBr  x  0.424 

,  .  /  ,,  , .  wt.  of  Br  in  100  ml.  qas.  x  37-85 

grams  ethylene  dibromi  de/gal  Ion  gasoline  =  — — - o'  8507 — * - 


NOTE  1:  Use  water  bath  in  a  well  ventilated  hood  as  the  light  ends  of 

gasoline  will  distill  from  the  sample  through  the  air  condenser. 
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III.  RESULTS 

Ethylene  dibromide  was  quantitatively  blended  with  unleaded  gasoline 
to  give  known  samples  ranging  from  about  1  to  6  grams  per  gallon.  The 
analytical  results  shown  in  Table  I  illustrate  the  high  order  of  repro¬ 
ducibility  of  the  method.  Theoretical  yields  were  obtained  with  samples 
A  and  B;  however,  yields  were  lower  with  the  smaller  samples,  C  and  D. 

Low  results  can  be  improved  by  increasing  the  sample  size  as  shown  with 
Sample  D.  Moreover,  ethylene  dibromide  depletion  is  generally  determined 
on  aviation  gasoline  containing  levels  of  ethylene  dibromide  similar  to 
Sample  B. 

Ethylene  dibromide  depletion  was  determined  on  several  tank  coating 
materials;  the  results  are  shown  in  Table  II.  Specifications  usually 
allow  up  to  10%  ethylene  dibromide  depletion. 

IV.  DISCUSSION 


Larger  samples  would  h-vve  improved  the  accuracy  of  the  procedure 
with  fuels  containing  very  low  levels  of  ethylene  dibromide,  but  large 
sample  would  have  produced  some  Inherent  problems,  such  as,  longer  time 
to  reach  reflux  tempo; aiure,  larger  filtering  volume,  and  increased 
volume  of  light  ends  uesug  distilled  into  the  hooded  area. 

During  the  early  stages  of  procedure  development,  potassium  bromide 
was  extracted  with  water  from  Che  gasoline  following  the  alkali  treatment. 
This  procedure  gave  consistently  high  results  and  further  investigation 
showed  that  some  of  the  additives  and  impurities,  e.g.,  phenols  and 
sulfides,  formed  insoluble  silver  salts  which  added  to  the  weight  of 
silver  bromide.  By  filtering  the  solution  after  saponification,  the 
insoluble  potassium  bromide  was  washed  free  of  interfering  materials 
and  subsequent  quantitative  precipitation  of  silver  bromide  was  made 
possible.  The  procedure  can  not  be  terminated  by  weighing  the  potassium 
bromide  because  of  the  presence  of  insoluble  potassium  carbonate  salts 
that  form  during  alkali  treatment  of  the  sample. 

Leaded  gasoline  for  automobiles  may  contain  a  chloride  lead  scavenger 
in  addition  to  ethylene  dibromide.  When  the  procedure  was  applied  directly 
to  pure  ethylene  dichloride  low  results  were  obtained.  Extending  the 
reflux  time  and  increasing  the  reflux  temperature,  greatly  improved  the 
yield  for  ethylene  dichloride;  but  since  a  method  of  analysis  for  ethyl¬ 
ene  dichloride  was  not  within  the  scope  of  the  investigation  the  study 
was  not  pursued  further.  However,  it  is  reasonable  to  believe  that 
optimum  conditions  could  be  established  for  the  analysis  of  both  ethyl¬ 
ene  dibromide  and  ethylene  dichloride. 
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TABLE  I 


Determination  of  Ethylene  Dibromide  in  Aviation  Gasoline 


g/gal Ion 

g/gal Ion 

% 

Sample 

Present 

Found 

Recove  ry 

A 

6.226 

6.319;  6.230 

100.7 

B 

3.113 

3.092;  3.092 

99.3 

'  C 

1.556 

1.442;  1.442 

92.7 

D 

0.933 

0.773;  0.770 

82.9 

0.933 

0.877;  0.876 

94.0* 

*Used  200  ml.  of  sample. 


TABLE  11 


Ethylene  Dibromide  Depletion 


Sample 

A 

B 

C 


Ethylene 

Dibromide 

Depletion 

0.5? 

1.1 


0.7 
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